2NYP 011 PCT 1 PORTABLE AND COVPACT SURVEI LLANCE ROBOT The present
application relates to a robotic structure. In particular, the application
rel at es twoaorioletsdc structure 5 for clinbing an obj ect pamdBra0/nER4I0ds f or
ascending as well as for descending fromthe object. Robots have
automati cal |y gui ded machi nes for perform ng predeterm ned tasks. These
robots can be used in a variety of 10 applications. For instance, the
robots can be deployed in civilian applications to inspect or search
bui l di ngs with structural danmages that are caused by earthquakes, fl oods,
or hurricanB& e P8 robots can al so be equi pped with sensors for

i nspecting or searching buildings or ‘outdoor sites that are contaninated
with radiation, wth biological agents such_as viruses or bacteria, or with
cheni cal SBPREE 26 R PR VORIE tHE'FoBOERT can be used in military
applications that are deened dangerous for soldiers. For instance, the
robot s can serve astscouf.uggts tolsurv%y enem% .osi%ions. Th% robots may
al so be uséd®i AN eAPSrtement Appticaticons PRI Udihg T edonnai’ssance,

survei l | anpert boriardi spesap@5 cak joand Iseeur b ya patoslis. sttudtsiran obj ect or

PurpOSESOfég?Q:j%&hhgag%qaé#gﬁpggglggm&ﬁhbggrggeQK£%%8£hg %;%%ﬁ%ure: 30 It
is believe hat™ a robot C ave an inproved structure. e robot is

i ntended fer per fdsmrengiceriaimnthaskhjsuch as surveill ance. The inproved
structure has a novabl e base with two novabl e arns. Each arm conprises two
links that are con- 2NYP 011 PCT 2 nected with a joint such that the armis
f ol dabl e. TFheols Meveanubdraricand lynghidrat imenhofes Horbaseftymishi reng wei ght s

or by (jqanggggkﬁg%gdtk99§sprﬁé%% ALPBe s can be used in a variety of

10 applications.

For instance, the robots can be deployed in civilian applica-
tions to inspect or search buildings with structural damages
that are caused by earthquakes, floods, or hurricanes. The

15 robots can also be equipped with sensors for inspecting or
searching buildings or outdoor sites that are contaminated
with radiation, with biological agents such as viruses or

bacteria, or with chemical spills.

20 Alternatively, the robots can be used in military applica-
tions that are deemed dangerous for soldiers. For instance,
the robots can serve as scout units to survey enemy posi-
tions. The robots may also be used in law enforcement appli-
cations including reconnaissance, surveillance, bomb dispos-—

25 al, and security patrols.

It is an object or purpose of the application to provide an

improved robotic structure.

30 It is believed that a robot can have an improved structure.
The robot is intended for performing certain task, such as
surveillance. The improved structure has a movable base with

two movable arms. Each arm comprises two links that are con-



5 Such inproved structure has an advantage of being able clinbing a solid
object with a small frane. The arns can be reconfigurable easily for |onger
reach, ifwoeeded496¥he application provides a robotic st PGEIBR20#0/05PR€ r oboti c
10 structure is designed to ascend and to descend froma solid object
whi | st having small di nensions. The object can include a step of a
staircase. The robotic structure includes a main body. The main body can 15
house a canmera, an inertial sensor, and a control unit. For nobility
purpose, a_left main nmoving neans is provided at a |eft side of the main
body and a?ffgnt'ma“d noving nmeans is provided at a right side of the main
body. The left and right nmain noving“neans are adapted or are configured to
contact a 20 ground.surface area on which the robatjc_structure is intended
C o hove. TRECTUHIPIE 81§ Giture ol SBY THuaes bhearaibfe. HECHIRPcal ar m
units. Eachaarmus tani et udes ian oppeie aaschy nentreri ngnde 2fhta bewer branch
menber. A Ero i mal. end of the upper branch nenber is attached to the nmain
body via anyuppereii§i RS wHich fs U3y 1 ocated in the vicinity of a rear
section of the main body. The upper branch nenber is rotatable about the
upper joint_vjia an upper, actuator. In contrast roximal. end.30 of the

| ower bgangﬁcgél e’ Ts AftAched to°a UiSta Q% %C%% Fﬁggﬂ%%%?cgfg%ch menber
body vi a aihowersqlgidnbbjddte Wigher brahicHraeabefhd sirmet adabbe rabout t he

| ower j oi nt.. yi I . ac t per. b menber further includes
an auxilia%igﬁgﬁgﬁ %%%Eﬁghﬂggégégﬁghﬁﬁgﬁg,E&hﬁ%%%¥% adapted to contact the
ground surface area. The upper actuator and the | ower actuator can include

one or MO gnI0LGN (ki Sn S JMaB08NENA: s3eUBe, LI angLuRliq.qan | nclude
more than two branch nmenbers. The | ower branc% menber can al so have an
auxi | i &Py movidiginreansde Thenadaita baasnchrddt he deaamdi fsoare gorladi ded such

that in a 105¢li nBiiNG: URa IR <Ghh i NG Aownposid i@n.ef the sobablc
structure the main body is supportable by a distal tip of the |low er
branch nmenBeftahdhy Ehelf&f3e-mai n novi ng means or the right main noving
means. 15 The above armunits have an advantage of allow ng the robotic
structure to ascend or to descend froma solid object with a snal

st ruct ur e. THRi 5°8F-1GnPFkec Bttte A F iplehenfrat ot hdt er Bati redivt §2fmi n body

to be hargacutd HnerexanPde,imdrkengt ferdfort henaed ndhedy1i snd@r gersuch that
t he main body touches two , , ,

mobility purpose, a left main moving means 1is provided at a

left side of the main body and a right main moving means is

provided at a right side of the main body. The left and right

main moving means are adapted or are configured to contact a

20 ground surface area on which the robotic structure is intend-

ed to move.

The robotic structure also includes one or more mechanical
arm units. Each arm unit includes an upper branch member and
25 a lower branch member. A proximal end of the upper branch
member is attached to the main body via an upper joint, which
is usually located in the vicinity of a rear section of the
main body. The upper branch member is rotatable about the up-
per joint via an upper actuator. In contrast, a proximal end
30 of the lower branch member is attached to a distal end of the
upper branch member body via a lower joint. The lower branch
member is rotatable about the lower joint via a lower actua-

tor. The upper branch member further includes an auxiliary



20 staircase steps for ascending the staircase steps. In practice, the
robotic structure can be placed in an as- cending initial position in which
t he mai n WOY11/ 94960t at ed about the upper joint. A front PEEAB200M0TRR4Tt he mai n
body is 25 placed higher than the main body rear section, wherein the main
body rear section and the auxiliary noving neans contact the ground surface
area to support the main body. In addition, the robotic structure can be

pl aced an operating 30 position in which front parts of the main noving
nmeans are contactln a solid object. The | ower branch nmenbers are
contact i ng“t'he Yrlo %& surface area to support the main body rear section
whi | st the upper branch nenbers and fhe | ower branch 2NYP 011 PCT 4
menbers are rotatabl e to change hei ght of the in bod rear section. A
posi ti on aRl” & Wl GHE” of "t Hb ‘dppar™ by bl CHBRBEF & Snd” 61" ® THE Fover br anch
menbers caarbe. pﬂ@ym@@drsamﬂndxbataﬂm tofd aptvat | &t weftotrheamaintibady i s
alterable by shifting the p03|t|on of the upper branch nenbers and the

| ower branSﬁ © EYS. "The” ofi*éfitati on of the main body includes an
inclination of the main body. This shifting anes a centre of gravity of

t he up- ;10 per br anch nenber%‘and of the | ower nch qper%‘to generate a
enera sense ar call 1nc u ore
tilting nnnen? for e main 3 Fhe Jtlltln Aorent causes the main body

to tilt orbt@n¢mvam®eaBOUﬂmadoaxrsboﬁuﬂhe@mhen drody.l sPhhavd idrt eng-i s

st opped whe Q) o) ch nmenbers or the upper branch menbers touch the
ground on Mgléﬂfi%)%ﬁé n%%%sbody rests. In other words, the ground stops

the | ower branch nenbers or the upper branch nenbers fron1nDV|ng which in

turn causessthg. fIAiahOdyy LOSLOR Lhldd N9 JhLS: ROV descanothier means of
changing the inclination of the nmaln body O In operation, the robotic

structbPe F3imBirgd lUp prowi dedbilehdewn @ﬁﬁtamt%‘f tAel 8PP ¥ MSGAIE=i S

provi ded t@u%@ﬂj&?%%;ﬁ'géa%Mﬂ d st Bofﬂéﬂﬂé %Qnéuﬁi&xﬂ$t9§Q¥EQ§@ tgythe right
side of the nain tera stability although her configurations

25 are al s6Tposxidl @emWﬂ%‘Td e tBeib} ¥t "rabt BPVIGTY MRenappl itde-

right main moving means.

15 The above arm units have an advantage of allowing the robotic
structure to ascend or to descend from a solid object with a
small structure. This is unlike other implementations that
require its main body to be large. In one example, a length
of the main body is large such that the main body touches two

20 staircase steps for ascending the staircase steps.

In practice, the robotic structure can be placed in an as-—
cending initial position in which the main body is rotated
about the upper joint. A front section of the main body is

25 placed higher than the main body rear section, wherein the
main body rear section and the auxiliary moving means contact

the ground surface area to support the main body.

In addition, the robotic structure can be placed an operating
30 position in which front parts of the main moving means are

contacting a solid object. The lower branch members are con-

tacting the ground surface area to support the main body rear

section whilst the upper branch members and the lower branch



tion refers in general to two armunits, the application would al so work
with one single armunit as long as the sin- gle armunit is designed such
t hat the wokotl@4®pructure mai ntains |ateral stability wrOEABAL/OIP241he
single armunit is 30used. The first menber and the second nenber often
have a general shape of an elongated strut or rod. 2NYP 011 PCT 5 The main
nmovi ng nmeans can include a set of wheels. The wheels can be arranged in one
or two rows. The main noving nmeans can al so have a continuous track for
easy novenent _over _an uneven 5 ground. In a simlar manner, the auxiliary
nmovi ng neanS ¢ah cdpri se one or nore wheels. In a special case, the wheels
turn freely without need for an actuator. Put differently, the wheels in-
10 clude freewheeling wheels. Such wheel s are usu Ihy light and in turn

al | ow the BPRVGT £5% 6ob8 PHGnEC THE"Sud PEARY® riovicHy HRAheEan al so

i ncl ude a eeatidwmausntrack. Atip area of the | ower branch nmenber can
include a friction-15 al surface to provide strong grip with an external
surface. Furthernore, the robotic structure can include a sensor, which
of t en usesA’i pdsaried, ahora detiefm nf ngha whipstahcendietnwebnr$ hendheifn body and a

solid Oglegket<9En‘%r59cﬁﬁ%£%§%2 EQ&J&?&Q@%QdQ&%ﬁhﬁTQEa OQ?E&% gLructure

can haveé an’inertial sensor séensing-a spa?l orienta |on,e&hich
i ncl udes atdiiectdfohandasn thddly, ief altrraimaenbhodylftThe dihe evtsiioncand tilt

| nformatiopncof,1 *hl%(?%n'? ORL N body, ar e é{?oll%:h:e%/%ﬁ%ﬂ%%‘ﬁchom&n&e%t.r%euni tora

user of the robot structure for contro e robotic structure.
orientation of the main body includes an inclination of the

main body. This shifting moves a centre of gravity of the up-
10 per branch members and of the lower branch members to gener-
ate a tilting moment for the main body. The tilting moment
causes the main body to tilt or to rotate about an axis of
the main body. This tilting is stopped when the lower branch
members or the upper branch members touch the ground on which
15 the main body rests. In other words, the ground stops the
lower branch members or the upper branch members from moving
which in turn causes the main body to stop tilting. This pro-
vides another means of changing the inclination of the main
body.
20
In operation, the robotic structure is usually provided with
two arm units. A left arm unit is provided to the left side
whilst a right arm unit is provided to the right side of the
main body for lateral stability although other configurations
25 are also possible. Whilst the subject matter of the applica-
tion refers in general to two arm units, the application
would also work with one single arm unit as long as the sin-
gle arm unit is designed such that the robotic structure
maintains lateral stability when using the single arm unit is

30 used.

The first member and the second member often have a general

shape of an elongated strut or rod.



In addition, the robotic structure can include a canera that can tilt,
rotate, or pan for providing video images of ob- 30 jects in the vicinity
of the nmew 2budm4960 t he user or to the control unit for PoRNB2AL/HF2Q4L he
robotic structure. 2NYP 011 PCT 6 The robotic structure usually includes a
control unit or a controller that is equipped with a programto control
parts of the robotic structure. The control unit can conmunicate with a
user of the robotic structure using a wireless neans. 5 Methods for a
robotic structure to ascend and to descend froma solid object are provided
bel ow. MRl Hppl“Tcat i on provides a method for a robotic structure to 10
ascend a solid object. The robotic sPructure has a novi ng nmeans as well as
an armunit. The armunit conprises an upper branch nmenber and a | ower
branch nmenber. The main noving nmeans is used for noving 15 a main body of

t he roboti chstmatot woe 1oy efiesan sgrradnthsurdecaeesat ear whkeldppeie bihasch menber
IS pivotall¥ ttached to a rear section of Ege mai_n bodx via an upper J oi nt
whi | st t he“FBviet Brandhc mehser P8 pivotBify TaT tHeled 6" HE UppErf- br anch
menber vi aadsd owere jpochbtiduvva genek aforsense, mbhenenobotéc &t rmeve0 ture
can havg nmpre than one novi ng neans and nore than one upper branch nenbers
that are connécted to nore than one | ower branch nembers. The nethod
conprises a step of tilting the main body by actu- 25 ating the armunit
such t hat front .sectj iy hody 1s. hi r.t ..section of
the main bgay$ #ﬁ%ﬁggtﬁgﬁ?%% %ggaggéﬁ%%%@ngkil%%geggﬁoggpt g&%gsgr j oint.
The mai n body ¢earorseghéohs and anseesddli apyedrihd ndpepeanisuwof ftrkelupper
branch ne t [ u Sur -.130.port the
T body. The 1 ITed el rbedy Te poci T oo or decend g The obj ect . The
tiltedlfai AlbdelyfiesvhhRehipbsitcicdnedSud] adeatstara hevebjlectidyr asilng t he
mai N movi ng,Means.. 1 The Rl . hodyiFear, sechhgn: i stlatek: el evated: hy
actuating the arm 2NYP 011 PCT

means can also include a continuous track.

A tip area of the lower branch member can include a friction-

15 al surface to provide strong grip with an external surface.

Furthermore, the robotic structure can include a sensor,
which often uses infrared, for determining a distance between
the main body and a solid object that is in front of the main

20  body.

The robotic structure can have an inertial sensor for sensing

a spatial orientation, which includes a direction and a tilt,

of the main body. The direction and tilt information of the
25 main body are usually feedback to a control unit or a user of

the robotic structure for controlling the robotic structure.

In addition, the robotic structure can include a camera that
can tilt, rotate, or pan for providing video images of ob-
30 jects in the wvicinity of the main body to the user or to the

control unit for navigating the robotic structure.



7 unit such that the |ower branch nenber contacts the ground surface area
to support the rear section. The actuation also lifts the rear section of

t he mai n Woay11/Tis9el evat ed nmai n body is afterward nove@ConBio/he246bj ect by
using the main 5 noving nmeans. The step of tilting of the main body can
include a step of determning a tilt angle of the nmain body to ensure that
the main body is stable and that it does not topple. 10 The application
provides a further nmethod for a robotic structure to ascend a solid object.
The robotic structure i s described above. 15 The nethod includes a step of
the main béw J i nBich g up a part of the object such that a front section of
the main body is el evated higher thaf its rear section. The rear section of
t he main bogé icﬁbthen el evat ed b}g fa‘ljgguatln the arm uglt such that a tip of
the | ower BranchHenbsr ’ontact’§ the’ gridnti®20” SUrTacs Wea Yo support the
rear secti ebpntddieeacthat i on eajusepkd fiscH haepr:e@farse;@t contod1 tpl‘aet@al n body.
The el evat eg gal QX i s af tterwarghm)ve ont o t.he obj ect by §S| ng the main
novi ng neans. aboVe st ep “of 8 of "t he&Part™Bi 1HKe& obj ect can

i ncl ude a stéep a)fusdaet erfnim nprattl $tra.1’tg|ueeoflsirh£ armmneb@siy nte@nensur e t hat
t he maig body is stable and that it does not top- ple. Simlarly, the above
step of "the using of the noving neans can include a step of determning a
di st ance b¥tweets 3‘:‘@>rt hermtriCb@dyuandret he ebfert .arZNYP Q@ddceP@T f8ohower

branch menber 1ot h b e shifting of the position and a
wei ght rm\rrgsga l(:dent e %fgrg?r%v 89%{ le l'ower branch nenber and the upper

branch nenber to generate a rotating or tilting nonment for the main body.

The mai n bedy épﬂﬁcfa@%n%%é\ﬂ@e‘éné'%eéﬂ!ﬁ l-oper PJbottQ% up Jtd{/}’ea%h menber

is stopped from'noving by the ground onto which mal n rests. This
provi dés aastepl e meand ¢oidd-t the main body.

The robotic structure has a moving means as well as an arm
unit. The arm unit comprises an upper branch member and a
lower branch member. The main moving means is used for moving
15 a main body of the robotic structure over a ground surface
area. The upper branch member is pivotally attached to a rear
section of the main body via an upper joint whilst the lower
branch member is pivotally attached to the upper branch mem-
ber via a lower joint. In a general sense, the robotic struc-
20 ture can have more than one moving means and more than one
upper branch members that are connected to more than one low-

er branch members.

The method comprises a step of tilting the main body by actu-
25 ating the arm unit such that a front section of the main body
is higher than a rear section of the main body. The actuation
rotates the main body about the upper joint. The main body
rear section and an auxiliary driving means of the upper
branch member are contacting the ground surface area to sup-
30 port the main body. The tilted main body is positioned for
ascending the object. The tilted main body is then positioned
adjacent to the object by using the main moving means. The

main body rear section is later elevated by actuating the arm



The step of tilting the upper branch nmenber and the step of 10 the tilting
the | ower branch nenber can include a step of determning a tilt angle of

t he mai n Woay11/fis9act uati ng of the armunit can i ncl udeCa/iB2ap0i2R41r ot ati ng
t he upper branch nenber about the upper joint or a step of 15 rotating the
| ower branch nenber about the lower joint. It can also include a step of
rotating the upper branch nenber about the upper joint and of rotating the
| ower branch nenber about the lower joint. 20 The application provides a
met hod for _a robotic structure to descend froma solid object. The robotic
structure *878e8crifbéd above. The nethod has a step of positioning the main
body such that 25 a rear section of the main body protrudes froma side of
t he obj ect bY usi ng %he qgi aniE% ans ilst the ob%ect supports the
mai n body. “A™tip'Of ‘CRE t VS aRcH T APt Nt g forts ¢4 Fear secti on
of the mai Buboghye abhistbd Sswaghirevede yeactseati g, the acpuattidn suebh that a
tip of the_lower branch 30 nenber contacts, a |ower ground surface area to
suppor t thélgg%ﬂj§%5F95n?@¥H€nnﬁfnt%%ﬁvlpsbP%¥Er ﬁb%éavﬁﬁ%§r$?8n1the ob-

j ect by usbkngytie afeenvanyimgyeneanso #Afd ebjtht Shy tusenyeslie sedt on i S
IomeredSby ggggag&g&sthe armunit. The main body 2NYP 011 PCT 9 is later
noved farther éﬂay romthe object to lower a front section of the main
body. The step of positioning the main body can include a step of 5
determnin i St ance. j y . rt_o he .obj ect .

Mor eover , ?H% %%%b%%fgf£§%$fﬁg %E% ﬁ%#gkgggycggg¥ﬁgggfi%né%en%FncIude a
step of detlereimimigggaatfiit angle of tire mminnbbddyo E0sThe Wtagptdbf actuating

the arm unit; can.dnalude.s oten ofal ot LALLNG,L heyypoer branch member about

the upper joint or a step of rotating the |Iower branch nenber about the
|l ower fBint. It can also include a step of rotating the upper branch nenber

about the yppesyji0icat:8Achafs fRLALT ARG hOVRIA 1o DLapghRIber about the
ower ol nt.
: structure to ascend a solid object. The robotic structure is

described above.

15 The method includes a step of the main body climbing up a
part of the object such that a front section of the main body
is elevated higher than its rear section. The rear section of
the main body is then elevated by actuating the arm unit such
that a tip of the lower branch member contacts the ground

20 surface area to support the rear section. The actuation also
lifts the rear section of the main body. The elevated main
body is afterward moved onto the object by using the main

moving means.

25 The above step of climbing of the part of the object can in-
clude a step of determining a tilt angle of the main body to
ensure that the main body is stable and that it does not top-
ple. Similarly, the above step of the using of the moving
means can include a step of determining a distance between

30 the main body and the object.

In addition, the above methods can include a step of shifting

a position and a weight of the upper branch member and of the



In the follow ng description, details are provided to describe the

enbodi nents of the application. It shall be apparent to one skilled in the
art, howeweroitiaadest he enbodi ments 20 nmay be practi sed WCThB210/832¢41
details. Figs. below have simlar parts. The simlar parts have the sane
nanes or part nunbers. The description of the simlar parts is hereby

i ncor porated by reference, where appropriate, 25 thereby reducing
repetition of text without limting the disclosure. Fig. lillustrates a
perspective view of an inproved ro- bot, 30 Fig. 2illustrates a sinplified
si de ViEM/&NY%HEJiﬁﬁFOVEd robot of Fig. 1, Fig. 2Aillustrates a front view
of the robot of Fig. 2, 2NYP 011 PCT 10 Fig. 3illustrates an electrical

functional _bl ocks of the inproved.rohot of Fi 1, Figs, 4 to 18
iIIustrate&og?%§§25?ha§%%‘%?ﬁ@ Slé?a$@%§§%n5é%$b'J@anﬁ%?ﬁqunS oved robot

of Fig. 1, thegrodidiloustti@tesied ghkrséved ep cohtascendiragithe-fSteaker case st ep,
lower branch member and the upper branch member to generate a
rotating or tilting moment for the main body. The main body
5 is then tilted until the lower or the upper branch member is
stopped from moving by the ground onto which the main body

rests. This provides a simple means to tilt the main body.

The step of tilting the upper branch member and the step of
10 the tilting the lower branch member can include a step of de-

termining a tilt angle of the main body.

The actuating of the arm unit can include a step of rotating
the upper branch member about the upper joint or a step of

15 rotating the lower branch member about the lower joint. It
can also include a step of rotating the upper branch member
about the upper joint and of rotating the lower branch member

about the lower joint.

20 The application provides a method for a robotic structure to
descend from a solid object. The robotic structure is de-

scribed above.

The method has a step of positioning the main body such that
25 a rear section of the main body protrudes from a side of the
object by using the main moving means whilst the object sup-
ports the main body. A tip of the lower branch member then
supports the rear section of the main body. This is achieved
by actuating the arm unit such that a tip of the lower branch
30 member contacts a lower ground surface area to support the
rear section. The main body is later moved away from the ob-
ject by using the main moving means. After this, the rear

section is lowered by actuating the arm unit. The main body



Fig. Sillustrates a second step of ascending the stair- case step, 10 Fig.
6illustrates a third step of ascending the staircase step, Fig.

7illustr aWox0H/Me6pt h step of ascending the stair- casePSTAP2016/)3p241
8illustrates a fifth step of ascending the staircase 15step, Fig.
9illustrates a sixth step of ascending the staircase step, Fig.

10il lustrates a seventh step of ascending the stair- case step, 20 Fig.
1lillustrates an eighth step of ascending the stair- case step, Fig.
12illustrates_a ninth step of ascending the staircase step, Fig.

13i | 1 ust r atBEF L et step of ascending the staircase 25step,

is later moved further away from the object to lower a front

section of the main body.

The step of positioning the main body can include a step of

5 determining a distance between the main body and a part of
the object. Moreover, the step of lowering the main body rear
section can include a step of determining a tilt angle of the

main body.

10 The step of actuating the arm unit can include a step of ro-
tating the upper branch member about the upper joint or a
step of rotating the lower branch member about the lower
joint. It can also include a step of rotating the upper
branch member about the upper joint and of rotating the lower

15 Dbranch member about the lower joint.

In the following description, details are provided to de-
scribe the embodiments of the application. It shall be appar-—
ent to one skilled in the art, however, that the embodiments

20 may be practised without such details.

Figs. below have similar parts. The similar parts have the
same names or part numbers. The description of the similar
parts is hereby incorporated by reference, where appropriate,

25 thereby reducing repetition of text without limiting the dis-

closure.
Fig. 1 illustrates a perspective view of an improved ro-
bot,
30 Fig. 2 illustrates a simplified side view of the improved

robot of Fig. 1,

Fig. 2A illustrates a front view of the robot of Fig. 2,



Fig. 14illustrates an eleventh step of ascending the staircase step, Fig.
15il lustrates a twelfth step of ascending the stair- case step, 30 Fig.

16i | | ust rsibes11z148969rt een step of ascendi ng the stair- c&EE/1B2pI52E41g.
17illustrates a fourteen step of ascending the stair- case step, 2NYP 011
PCT 11 Fig. 18illustrates a fifteen step of ascending the stair- case step,
Fig. 19 to 26 illustrates steps of descending froma stair- 5case step
using the inproved robot of Fig. 1, Fig. 19 llustrates a first step of
descendi ng _fromthe staircase step, Fig. 20illustrates a second step of

descendi ng?Ffon théCT

10

Fig. 3 illustrates an electrical functional blocks of the

improved robot of Fig. 1,

Figs. 4 to 18 illustrates steps of ascending a staircase

5 step using the improved robot of Fig. 1,
Fig. 4 illustrates a first step of ascending the staircase
step,
Fig. 5 illustrates a second step of ascending the stair-

case step,

10 Fig. 6 illustrates a third step of ascending the staircase
step,
Fig. 7 illustrates a fourth step of ascending the stair-

case step,

Fig. 8 illustrates a fifth step of ascending the staircase
15 step,
Fig. 9 illustrates a sixth step of ascending the staircase
step,
Fig. 10 illustrates a seventh step of ascending the stair-

case step,
20 Fig. 11 illustrates an eighth step of ascending the stair-

case step,

Fig. 12 illustrates a ninth step of ascending the staircase
step,
Fig. 13 illustrates a tenth step of ascending the staircase
25 step,
Fig. 14 illustrates an eleventh step of ascending the

staircase step,
Fig. 15 illustrates a twelfth step of ascending the stair-
case step,
30 Fig. 16 illustrates a thirteen step of ascending the stair-
case step,
Fig. 17 illustrates a fourteen step of ascending the stair-

case step,



staircase step, 10 Fig. 2lillustrates a third step of descending fromthe
staircase step, Fig. 22illustrates a fourth step of descending fromthe

st ai rcasewvenep/14keg. 23illustrates a fifth step of desceqwilBy16//23tt he
15staircase step, Fig. 24illustrates a sixth step of descending fromthe
staircase step, Fig. 25illustrates a seventh step of descending fromthe
staircase step, 20 Fig. 26illustrates an eighth step of descending fromthe
staircase step, Fig. 27illustrates nmethod steps for ascending the stair-
case step, 28|IIustrates met hod steps for descending fromthe

25st ai r casé™ g?e Fid. 29 to 36 illustrates further steps of ascending a
staircase step u5|ng the i nproved r obot  of Fig. 1,

Fig. 18 illustrates a fifteen step of ascending the stair-

case step,

Fig. 19 to 26 illustrates steps of descending from a stair-
5 case step using the improved robot of Fig. 1,
Fig. 19 illustrates a first step of descending from the
staircase step,
Fig. 20 illustrates a second step of descending from the
staircase step,
10 Fig. 21 illustrates a third step of descending from the
staircase step,
Fig. 22 illustrates a fourth step of descending from the
staircase step,
Fig. 23 illustrates a fifth step of descending from the
15 staircase step,
Fig. 24 illustrates a sixth step of descending from the
staircase step,
Fig. 25 illustrates a seventh step of descending from the
staircase step,
20 Fig. 26 illustrates an eighth step of descending from the
staircase step,
Fig. 27 illustrates method steps for ascending the stair-
case step,
Fig. 28 illustrates method steps for descending from the

25 staircase step,

Fig. 29 to 36 illustrates further steps of ascending a stair-
case step using the improved robot of Fig. 1,
Fig. 29 illustrates a further first step of ascending the
30 staircase step,
Fig. 30 illustrates a further second step of ascending the

staircase step,



Fig. 29illustrates a further first step of ascending the 30staircase step,
Fig. 30illustrates a further second step of ascending the staircase step,
2NYP 011 wQDowm2i4#6g. 3lillustrates a further third stepPofl/IBaenite4lg t he
staircase step, Fig. 32illustrates a further fourth step of ascending the
staircase step, 5 Fig. 33illustrates a further fifth step of ascending the
staircase step, Fig. 34illustrates a further sixth step of ascending the
staircase step, Fig. 35illustrates a further seventh step of ascending the
10st ai rcase_ste E%%' 36illustrates a further eighth step of ascending the

st aircase §FE%,£EH

12

Fig. 31 illustrates a further third step of ascending the
staircase step,
Fig. 32 illustrates a further fourth step of ascending the
staircase step,
5 Fig. 33 illustrates a further fifth step of ascending the
staircase step,
Fig. 34 illustrates a further sixth step of ascending the
staircase step,
Fig. 35 illustrates a further seventh step of ascending the
10 staircase step,
Fig. 36 illustrates a further eighth step of ascending the

staircase step, and

Fig. 37 illustrates a simplified side view of a further em-

15 bodiment of the improved robot of Fig. 1

Fig. 1 shows an improved robot 10. The robot 10 has a base or
main body 12. The main body 12 includes a controller and cam—
era box 14 that is mounted on an upper surface of the main

20 body 12. The main body 12 also comprises a pair of moving

means 16 and 17 as well as a pair of an improved arm 20.

The moving means 16 and one arm 20 are attached to one side
of the main body 12 whilst another moving means 17 and anoth-
25 er arm 20 are attached to one side of the main body 12. Each

movement means 16 or 17 includes a continuous track 19.

As better seen in Fig. 2, the continuous tracks 19 extend

from a front-end 22 to a rear-end 23 of the main body 12. The
30 main body 12 has track-driving pulleys, which engages with

the continuous tracks 19. The track-driving pulleys are not

shown in Fig. 2.



Fig. 37illustrates a sinplified side view of a further em 15bodi nent of
the inproved robot of Fig. 1 Fig. 1 shows an inproved robot 10. The robot
10 has a we=e1l1ori4968i n body 12. The nain body 12 i ncl udegCa/iBuno/nizk4ter and
canera box 14 that is nmounted on an upper surface of the main 20 body 12.
The main body 12 al so conprises a pair of noving neans 16 and 17 as well as
a pair of an inproved arm 20. The noving neans 16 and one arm 20 are
attached to one side of the main body 12 whil st another noving neans 17 and
anoth- 25 er _arm 20 are attached to one side of the main body 12. Each
nmoverrent nmedA8 4B 6717 includes a continuous track 19. As better seen in
Fig. 2, the continuous tracks 19 ext'end froma front-end 22 to a rear-end

23 of the mmin body 12. The 30 i n_bod has track-drjving pulleys,
whi oh engabeeh @ e CoMEhdoRe 07 ok 18 “The (LRCRIGH YA B pul | oys ar e

not shown rhe FQ:st2.1inNYP 3lE1RCTcdB I dach appa2Q inrcludes: arfl st |1 nk 25

and a second Iip The first gggk %P i S ?gso cal l ed an upper |ink whil st

k .26.
the second FTAK 26 ?é af s Ealré oYl TAKS 5 Referring to the first

i nks 25, they have first ends 28 that attach to the main body rear-end 23

by body_.rotational joints 3Q such th the first links 25 ¢ rotate freely
ar ound ?heEz %%@r¥%%gfig%%léf5%n S %é&%hg%ﬁﬁi%aﬁ%&érfg %T%%%%ngﬁﬁges a link
drivi ng neehaatlsma ¢hposain dwdyheedr+std 2i3nks Rolvatrodefionddl fieient angl es

to the main.b T | ink . dri vj anj i S i ig. 2. The
D) Mo 20580 T DRe e D e DL PR f;f,r%tg%% o e 2
have first beddsr2ttihatl atdiadls 38.tDHhe heigebotd hdd s84infludes Birst |inks

25 by l'inkEQfat,ional, Jng%ﬁgﬁS%Gtom@wﬂi%@aphssf%%& i?t_%g%@?znii kg 26 to

rotate freely about the [ink rotational joints : riving

mechanil8m fsratscnused to Posimpiionbedie secdhd 1imksir2giay widhterent angl es
to the f'r§E ﬁé@Kﬁm%é:ighﬁuie%QthgnQ§x§419Bks 25 also have second

ends 34.

Similarly, the second links 26 have first ends 32 that attach

15 to the second ends 34 of the first links 25 by link rotation-
al joints 36, which enables the second links 26 to rotate
freely about the link rotational joints 36. The link driving
mechanism is also used to position the second links 26 at
different angles to the first links 25. The second ends 34 of

20 the first links 25 have supporting wheels 38. Each second end
40 of the second link 26 has a pair of claws 42, as illus-

trated in Fig. 1.

The controller and camera box 14 includes a camera and an in-
25 ertial sensor, both of which are not shown in Fig. 1. The
camera is moveable in that it can tilt and rotate. The iner-
tial sensor is positioned at centre of gravity within the
main body 12 for easier sensing. A front part of the main
body 12 has a distance-measuring sensor 41, as illustrated in

30 Fig. 2A.

The main body also has electrical functional blocks, which

are shown in Fig. 3. The electrical functional blocks include



20 the first links 25 have supporting wheels 38. Each second end 40 of the
second link 26 has a pair of claws 42, as illustrated in Fig. 1. The

cont rol | ewoand/dagser a box 14 includes a canmera and an i RCTAB20a6/032a41 sensor,
both of which are not shown in Fig. 1. The canera is noveable in that it
can tilt and rotate. The iner- tial sensor is positioned at centre of
gravity within the main body 12 for easier sensing. A front part of the
mai n body 12 has a di stance-neasuring sensor 41, as illustrated in 30Fig.
2A. 2NYP 011 PCT 14 an onboard control nodule 45 that is electrically
connect ed 873 Conmii cati on device 46 and that is electrically connected
to a drive control module 47. The corfruni cation device 46 is

comuni catively connected to re %e control _nmodule 49 5 via a wreless
modi um I n°R GURGPIC CSRRES. NHE1Er SEKT 0 GaR Be TERN 48 et B A Fow of
wheel s. 10tdhe ddmmsihikbbksen 2Bvand thearsecond 1is nksc26idel notcodrave a track
or wheel nechanism ich is an advantage._as_they can.then have.a

7 ghtvei ghEota o & TR ke oTRer Tl Goe o MorteFRaT CE e A ASE  ack and
a track fl gppes dammeadhasideyoloanehassits. alberdtes robotolOnaganrief B9 i nto a
box hav%ngvggnquk%qgsgfm§9§lnillinetres by 240 mllinetres by 180
millinmetres. “Thi's i°s unlike Other robot that perfornms the simlar functions
and that have di nensions of nmore than 1 nmeter. 20 Functionally, the robot
10 is used fo | i n a ndi ol i j.ect., C step of a
staircase,Ign% f%fﬁggsgzﬁ%?ng%-rg%?%ﬁg]§bf8gt3?£§%%ﬁ§§§o ?§f%wh%§ t he

i nproved arhseRO. for lowering or lifting the rear-end 23 of the nmain body
12. The arnms 20 can al so be used in conbination with the tracks 19 to | ower
or to raise the front-end 22 of the nmain body 12. The arns 20 can al so be
used t &0cl éar bbsttadless and and §hepsobjrectlsnk32A desept cdivause the renote

control ”D@9£&<4%:h@eé@cﬁééﬁ%d4%ké which is an advantage as they can

then have a lightweight. This is unlike other implementations

that connect a track and a track flipper to each side of a

chassis.

15
The robot 10 can fit into a box having dimensions of 305 mil-
limetres by 240 millimetres by 180 millimetres. This is un-
like other robot that performs the similar functions and that
have dimensions of more than 1 meter.

20

Functionally, the robot 10 is used for climbing or ascending
a solid object, such as a step of a staircase, and for de-

scending from the object.

25 The robot 10 has the improved arms 20 for lowering or lifting
the rear-end 23 of the main body 12. The arms 20 can also be
used in combination with the tracks 19 to lower or to raise
the front-end 22 of the main body 12. The arms 20 can also be
used to clear obstacles and to grip objects.

30
A user can use the remote control module 49 to receive data
from the robot 10 and to transmit instructions or control

signals to the robot 10 via the communication device 46.



fromthe robot 10 and to transmit instructions or control signals to the
robot 10 via the comunication device 46. 2NYP 011 PCT 15 The inerti al
sensor sewneesila4sisht as well as a planar orientation of PCHaBIad/ns2edy 12.
The tilt relates to an angle of the main body to a flat ground area whil st
the orientation 5 relates to a direction of the main body 12. The inerti al
sensor al so detects a yaw or a deviation fromintended novenent of the main
body 12. The inertial sensor also sends the tilt, orientation, and yaw
information to the onboard control nodule 45. 10 As illustrated in Fig. 2,
the camera’fa8 G F&'d of view 50. The canera can tilt or rotate to provide
i mges around the main body 12 in it'S field of view50 for a user of the
robot 10. The sensor 41 uses infrared to neasure a distance between 15 the
mai n body 12 and a solid object that is placed in front of the robot 10.
The onboar dheomigrali anodeh €4 Seinseequli piped awi #81 praograpsandsr safiewar e f or
ascendi ng an_obj ec nd for descendi fromthe 20 object. The anboard

cont r ol nngﬁFéoﬁé)ré%gi@%gnggﬁgeggtfﬂge§ﬁgtoF?§ﬁF§i?8na?ﬁ?%%%%9?on fromthe
inertial sehsaonaiandorigced vestlelj gcduh strancehi dtoramet bonedtraamonhe

di stance- nmeasuring sensor_ 41. Th nboar.d contr dul e 45 uses the
receiveg iﬁ?g?%% %8nat§lﬂ%?§¥ﬁ%ﬁe gﬁ?ﬁgnéb% ?%Iﬂ*nﬁanﬁ ?%ﬁfH2geﬁﬁich are
transmtti agrtolischelederve contr oF avthitiet4dn Then oambeaddd contemeht modul e 45
al so receiyes i.nf tion. frot - jnert| SQr ich.i.s_used to
correct thé%n%%%”%gﬁy8%%55%2n5£633h#ﬂ§ﬁ-r?ség§%ﬁ?§%|gﬁg %?gmh%légéd t he
recei ved contewniatiioher aad i vy tiofdrigtelqrottor therothgemidngotrtieolt macdk dri vi ng
pul l eys to povgs the continuous tracks 19. The received control information
is also used to adjust the link driving nmechanismfor 2NYP 011 PCT 16
positiéfhing the first link 25 at a desired angle to the main body 12 and
for positigning the segond #ink 26 a8 & desi hed anglkeqt 9- the.fispst 1ink 25
5 The notor al so provides feedback to the onboard control nodul e 45, which
is used toThadtaEEE FhattiHe ArarALHBRIYCLPTPELIE¢RUEHIISg ancwbsttd€l e that is
preventingnthe waiyn 1body 1% faemyadvapcngo 10r Thethasks:HO aperused for
engagi ng the ground that is beneath the main body 12 for noving the main
body 12 foffarthorseBaekwat dSePhé R F &cis CPOMar Pove tthelpbbote K& H'6°Ranoeuvr e
in uneven tger@dih polyCestaid sSkbuad i ectt BRat racksat8qhavecheats for

better traction or soft plates that are connected
of the robot 10.

The onboard control module 45 is equipped with programs or
software for ascending an object and for descending from the
20 object. The onboard control module 45 receives sensed tilt
and orientation information from the inertial sensor and re-
ceives object distance information from the distance-
measuring sensor 41. The onboard control module 45 uses the
received information to determine drive control information,
25 which are transmitting to the drive control module 47. The
onboard control module 45 also receives yaw information from
the inertial sensor, which is used to correct the main body

movement.

30 The drive control module 47 used the received control infor-
mation to drive motor for turning the track driving pulleys
to move the continuous tracks 19. The received control infor-

mation is also used to adjust the link driving mechanism for



15 to outer surface of the tracks 19 for protecting the ground over which
the tracks 19 nove. The arns 20 is used for lifting or lowering the
rear-end W0 20f/Hw9mai N body 12. By changi ng the positi @03/1B1010/b%2241 r st 20
links 25 with respective to the main body 12 and by changi ng the positions
of the second links 26 with respective to the first links 25, the arnms 20
is able to elevate or |ower the rear-end 23. Wien the arns 20 support the
rear-end 23 of the main body 12, the tracks 19 can be used to | ower or
raise the 25 front-end 22 of the main body 12. The arns 20 have an

advant age 6F"'FI%®Xi BI“é use and yet can have a l|ightweight structure. 30 The
supporting wheels 38 allow the nain:%%dy 12 to nove when the wheels 38 are

supporting the weight of the main body 12 during, certain steps of ascending
an obst acl BOCLAH 9 5oSt S dade 5 . 2o 8F HeSkaRd Ag T rot FRa obst acl .

2NYP 011 PE3di71Thendclkanwspdd tabntihe Secardohtinksnk2@carne alsainsad for
engagi ng the groundchguringt %r&agg robot ascendi ng or descendi ng sequences.
e or gt

The cl aw 43"¢5n &l $6°pée i ppi ng, push- 5 ing, or pulling objects.

A nmet hod of ascending a staircase step 52 using the robot 10 is described

bel ow. 10 The fohot 10,1, nositi oned.on 3 around &7 and s n.gn ini - tial
1 g. 2. n ? 1'S node, ?%e

S
node or posi i'on; fas P st ratéed T arns 20 are
fol ded or rpeétréot edhicPuts difddetenthyscatre thitr sthd imaks B&Iwarle pesiti oned

parallel t . YR h e 0 ro d he main
body 12, The 1o LEeonaPr Ak 2675 S5 Tiave an dngi e Br 7ers degreeh to the
first |inksd2&nciftie staircase step 52 includes a riser 54 and a tread 56

that is connected to the riser 54. The riser 54 relates to a ver-

10 The tracks 19 are used for engaging the ground that is be-
neath the main body 12 for moving the main body 12 forward or
backward. The tracks 19 allow the robot 10 to manceuvre in
uneven terrain. In certain situations, the tracks 19 have
cleats for better traction or soft plates that are connected

15 to outer surface of the tracks 19 for protecting the ground

over which the tracks 19 move.

The arms 20 is used for lifting or lowering the rear-end 23
of the main body 12. By changing the positions of the first
20 links 25 with respective to the main body 12 and by changing
the positions of the second links 26 with respective to the
first links 25, the arms 20 is able to elevate or lower the
rear—end 23. When the arms 20 support the rear-end 23 of the
main body 12, the tracks 19 can be used to lower or raise the

25 front-end 22 of the main body 12.

The arms 20 have an advantage of flexible use and yet can

have a lightweight structure.

30 The supporting wheels 38 allow the main body 12 to move when
the wheels 38 are supporting the weight of the main body 12
during certain steps of ascending an obstacle, such as a

staircase step, or of descending from the obstacle.



20 tical part of the staircase step 52 whilst the tread 56 relates to a
hori zontal part of the staircase step 52. The nethod includes a body

front - endwOI2btlVagpesequence 60 or step, which is fol |l owedChgB210OIEY41r ear - end
tilting step 62, 25 as illustrated in Fig. 27. A body positioning 63 step
follows the body rear-end tilting step 62. In the body front-end tilting
step 60, the front-end 22 of the main body 12 is el evated above the ground
57 whilst the 30 rear-end 23 of the nmain body 12 renains in contact with
the ground 57. 2NYP 011 PCT 18 In this tilting step 60, the onboard
control nodliie %5 &&ftrols the tracks 19 to approach the staircase step 52.
When t he di stance-neasuring sensor senses that the nmain body 12 is about
200 mllinmetres fromthe staircase step 52, the 5 onboard control nodule 45
rotates the first links 25 such that the main body front-end 22 el evate
fromthe groand & whi bsttidecraha bodys reakrend 23 usemaf®is dngagent act with
t he ground.57.UJhe secgn |.inks 26 havekgg angée.of zer% dqﬂ{ees with the
first |inks"25- " riE BPEVAtT MY 6P the” 151t - BRA" 22 F0 Lot T HUEs "dnti | t he
mai n body %2quercddsnegherciad t42 abnabbut dSudegries dropbhey groowhd 57, as
sensed by the igerth?LnsqasQ&tSThis is illustrated in Fig. 5. The elevating
of the frontZend 22 then Cedses. The tracks 19 15 later turn to nove the
mai n body 12 towards the staircase step 52 until the front-end 22 touches
the riser 54 il - t i | . rti l.s,38 support
the main b%d@eégxgﬁ %%§%§§”§ﬂ8 gFgggﬁﬁgiglg v%yﬁgﬁﬁ%dgg?ngﬁgFaﬁgcase step
52. The todehiegriidedebetted by a feedback 20 fromthe notor that drives
the track driving pulleys to nove the tracks 19. The onboard control nodul e

45 | ater causes the robot 10 to return to the initial nmbde whilst its nain
body 120pnaifAtaiqizt 10 is positioned on a ground 57 and is in an ini-

tial mode or position, as illustrated in Fig. 4. In this

mode, the arms 20 are folded or retracted. Put differently,

the first links 25 are positioned parallel to the main body

12 and has an angle of zero degrees to the main body 12. The
15 second links 26 also have an angle of zero degrees to the

first links 25.

The staircase step 52 includes a riser 54 and a tread 56 that
is connected to the riser 54. The riser 54 relates to a ver-
20 tical part of the staircase step 52 whilst the tread 56 re-

lates to a horizontal part of the staircase step 52.

The method includes a body front-end tilting sequence 60 or
step, which is followed by a body rear-end tilting step 62,

25 as illustrated in Fig. 27. A body positioning 63 step follows
the body rear-end tilting step 62.

In the body front-end tilting step 60, the front-end 22 of
the main body 12 is elevated above the ground 57 whilst the
30 rear-end 23 of the main body 12 remains in contact with the

ground 57.



25 its tilt angle of about 45 degrees to the ground 57. For returning to
the initial node, the first links 25 are positioned at an angle of zero
degr ees tworhe/meden body 12 whil st the second |inks 26 RavYaB2mo/eszgdle of
zero degrees with the first links 25. This is illustrated in Fig. 7. 30 The
tracks 19 later turn to increase the incline of the main body 12. The
incline is maintained at | ess than 90 degrees and such that the nmain body
12 does not topple over, as il- 2NYP 011 PCT 19 lustrated in Fig. 8. The
onboard control modul e 45 al so checks the distance between the main body 12
and the obfBEt ¥Hat’™“i's in front of the main body 12 using the

di stance-neasuring sensor 41. The i nér ease of incline of the main body 5 12
stops when_t he said dlstance npre than 100 m | linetres d when the tilt
ool e 1o DEDWEET 70 1GhEY o0 el eolhS | SR boRy 1 UaPeRnEE 11T G ot ep 62,

t he rear- end02§1ﬂke&hecnarnab@dypﬁﬂoadhIunbtedaiﬁbaﬂ@nstept5jsvm@nabout t he

sane | evel %0 S t he front}gqg of t qE¥ The front gnd 22 is
posi ti oned“6Ve Tﬁ%cgta??%léegSFS °%2. ﬁePﬁ?i Y% iSRG Step Y e first
| i nks 25 r@Ba&@mama@OfmDhihhﬂx@bafr@mSﬂmSBeplﬁéaMmE%bpth@,fmﬁst | i nks 25

have anzan | e 15 of 120 degr ees the y 12 whil st
t he secondg ?% mjfgn% taln a zer%Otgﬁgégg a%ﬁ na% |?§t | i nks 25.
The trackstm@td@mnominubodwuﬂﬂmntebad|Zﬁ3eﬂ@vahe ﬁuumwtbedgrduhd'ﬁﬁls is

11 ustratedh 0 Fiige 10, THiG, TRYEIENL ROSLLLORS LheBLA. fady, 2.1 or

lifting the rear-end e “second 11 nks 26 then
rot at es sughotiratS t-héhangt ervetlvekn iméwWErsn dnqlles 025zar@ ddwwesecond | i nks

26 increasgs, This %@tiﬂ{ké |2f5tSTHep élheevawﬁ% @pdch%?»f%nﬁ he,qrain body 12,
as il- 25lustrated in Fig. . Aft hi e second 1 nks 26 continues to
rot at el@int cpnthwues until the maln body 12 inclines or tilts at about

45 degrees to the ground 57, as sensed by the inertial sen-

sor. This is illustrated in Fig. 5.

The elevating of the front-end 22 then ceases. The tracks 19
15 later turn to move the main body 12 towards the staircase
step 52 until the front-end 22 touches the riser 54, as il-
lustrated in Fig. 6. The supporting wheels 38 support the
main body 12 and enable the arms 20 to move towards the
staircase step 52. The touching is detected by a feedback
20 from the motor that drives the track driving pulleys to move

the tracks 19.

The onboard control module 45 later causes the robot 10 to
return to the initial mode whilst its main body 12 maintains
25 its tilt angle of about 45 degrees to the ground 57. For re-
turning to the initial mode, the first links 25 are posi-
tioned at an angle of zero degrees to the main body 12 whilst
the second links 26 have an angle of zero degrees with the
first links 25. This is illustrated in Fig. 7.
30
The tracks 19 later turn to increase the incline of the main
body 12. The incline is maintained at less than 90 degrees

and such that the main body 12 does not topple over, as il-



angl e between the first links 25 and the second |inks 26 reaches

approxi mately between 60 to 80 degrees, as illustrat- 30 ed in Fig. 12.

Thi s rot avpani4fg68 t he rear-end 23 hi gher. The second PCRAB22&032Rein cease
rotating. 2NYP 011 PCT 20 The first links 25 afterward rotates further by
about 10 to 20 degrees to lift the rear-end 23 higher, as illustrated in
Figs. 13 and 14. Following this, the first links 25 stop rotating. The
first links 25 and the second |inks 26 then sup- 5 port the main body 12.
In a special_enbodi nent, the second |inks 26 has wheels to facilitate its
nmovement oA the’gr 6Uld whil st they support the main body 12. In one exanple
of the special enbodinent, the 10 second |inks 26 have each three nore

wheels whilst the first |inks 25 have each one. or re eels 38. In the
body post tHORFHESS 4 5" Thre The: HOHGHY 2" BekIHUIe. Aar s Buer the tr oad
56 till thenheeas -erRdd23todcd hetwaen f1odywalb B2dy sicabadethidedjeead 56 and it
does not overhang .or _stick over the ground, 57. In this positioning step
63, the trggﬁg %]thﬁo?% %%3%etH%l%éﬁﬁh%&gyuiﬁm¥&Pﬁagas%ﬁqE%Ver the tread
56 as wel | masstoway dsn20r t4le méxt incserse dhieitehicks 0I9ts¢ opitnubning when
the maip body_12 travels about, 90%to 95% of the tr 56,..as .determ ned by
the arstance, ReaRurTSg Cahcor i ohaies ie FPToarra eati hor SEiE e
tracks 19 ahdowhayr thentsifclheraylway s asettveeadj’Gseéndrilenegteon. of the nmai n body
12, as sensed by its inertial sensor. 25 The adjustnent can straighten the
mai n body 12, if the main body 12 is slanted. The onboard control nodul e 45
t hen retraénsthhemiynse20;eras titlkust retesd 6kn Fig.reb@-cThe2 T etfr 4bki on, as

illustrated,ip hgs;s 17; Q418 gauses . the robat, 1040 ratunn e its
initial node. %%%h?irs%slih£§ 25pare rotgted suchc?%ag theye%avg an angl e

of zer d0degrekle viinohtthed md wfhody UPimwhiolst 1€ hel'sedoadt—end 22 is

positioned over the staircase step 52.

In this tilting step 62, the first links 25 rotate away from
the staircase step 52 until the first links 25 have an angle

15 of about 100 to 120 degrees with the main body 12 whilst the
second links 26 maintain a zero degrees angle with the first
links 25. The tracks 19 do not turn with relative to the main
body 12. This is illustrated in Fig. 10. This movement posi-
tions the main body 12 for lifting the rear-end 23 of the

20 main body 12.

The second links 26 then rotates such that the angle between

the first links 25 and the second links 26 increases. This

rotation lifts up the rear-end 23 of the main body 12, as il-
25 lustrated in Fig. 11.

After this, the second links 26 continues to rotate until the

angle between the first links 25 and the second links 26

reaches approximately between 60 to 80 degrees, as illustrat-
30 ed in Fig. 12. This rotation lifts the rear-end 23 higher.

The second links 26 then cease rotating.



2NYP 011 PCT 21 links 26 are rotated such that they have angle of zero
degrees with the first |links 25. The robot 10 has now ascended the

st ai rcaseween/B2695 A net hod of descending fromthe st&cCTdBza0/832e4 52
using the robot 10 is described bel ow. The robot 10 is positioned on
the tread 56 of the staircase 10 step 52 and is in the initial node as
descri bed above. The nethod includes a body positioning step 65, which is
foll onwed by a body rear-end tilting step 67. The body rear-end tilting step
67 is followed b body front-end tilting step 1568. In the body
posi ti oni ng"$t € ]6§ Tthe rear-end 23 of the main body 12 is positioned such
that it stick out of the staircase é%bp 52 and it overhangs t he ground 57.
The front-e 2 of 20 th maj n body 12 is in cantact e tread 56.
This poot & FBR PG s 10K ovbd g SaHL T RS OF Aoy baveer &t hE T obot 10

and an endzpadégm&aihe [is@nﬂﬁﬂrearbyxseoshmghéMeedisuaneexhekmeen t he
robot 10 and an Baﬁ& q; Hhe 25 tread % q1 .G $ this distance is
about 100 lg%od‘nfp i et red loTheYi Werti &78 enso 85°5veriYi®s “Phat the
robot 10 i sastim@i ghie ifhr$thaltinkts 25 assentel aktynparipégndéuttarm tsopan edge of
t he stagrcase st.ep 52, % ) For, this positioning step 65 the tracks 19 turns
such that thRe rear-ena 3 of the mai n body 12 overhangs over the ground 57,
as illustrated in Fig. 19 2NYP 011 PCT 22

In a special embodiment, the second links 26 has wheels to

facilitate its movement on the ground whilst they support the

main body 12. In one example of the special embodiment, the
10 second links 26 have each three more wheels whilst the first

links 25 have each one or more wheels 38.

In the body positioning step 63, the main body 12 moves for-
ward over the tread 56 till the rear-end 23 of the main body
15 12 is above the tread 56 and it does not overhang or stick

out over the ground 57.

In this positioning step 63, the tracks 19 turn to move the
main body 12 forward and over the tread 56 as well as towards

20 the next riser. The tracks 19 stop turning when the main body
12 travels about 90% to 95% of the tread 56, as determined by
the distance-measuring sensor 41. This is illustrated in Fig.
15. The tracks 19 also turn in such a way as to adjust orien-
tation of the main body 12, as sensed by its inertial sensor.

25 The adjustment can straighten the main body 12, if the main
body 12 is slanted.

The onboard control module 45 then retracts the arms 20, as
illustrated in Fig. 16. The retraction, as illustrated in

300 Figs. 17 to 18, causes the robot 10 to return to its initial
mode. The first links 25 are rotated such that they have an

angle of zero degrees with the main body 12 whilst the second



In the body rear-end tilting step 67, the rear-end 23 is tilted downwards
or is lowered whilst the front-end 22 of the main body 12 remains in

cont act wvORotihg49pead 56. 5 For this tilting step 67, tPh#/IBimevs2R4INks 25
rotate such that its second ends 34 are |ifted up whilst the second |inks
26 mai ntain an angle of zero degrees with the first links 25, as
illustrated in Fig. 20. 10 Later, the first links 25 continues its rotation
whi | st the second ends 40 of the second links 26 rotate away fromthe nain
body 12, as illustrated in Fig. 21. The rotation continues such that the
second end$V#D ©f' thé 15 second links 26 reach a joint between the riser 54
and the ground 57 or such that the éﬁgle between the first links 25 and the
second |inks 26 proaches or is. about 225 degrees. This is illustrated in
B o 90 DTG P0G e CHE T Bl eiAe A0 POt g f RSt Bid 57 and
bei ng posi greaedvinearest fpossilbhest he. mai n body 12, al t hough ot her
positions are al so possible. For exanple, the second ends 40 can be
touchi ng the ground 57 and bei ng positioned furthest possible fromthe main
body 12. 25hénrdme énbbds ment asbekilgd 22, sthéerseconrdebi Bks 26 have wheel s
to facilitate novement of the main body 12 away fromthe riser 54. They
each can have two or nore such wheels whilst the first Iinks 25 each can
have one oR merleodMedelss@&di3Q Themttrlacksal9caherstewr P8 suioly tthat t he
rear-end 2 t .maj 1 es away fromthe riser 54. The second

i nks 26 t 8§£$d@gfga?%sggﬁ%ﬁkésq?ﬁat causes the rear-end 23 of the 2NYP
011 PCT 23 main body 12 to descend, as illustrated in Fig. 23. The first
links 25 anpgd.thg,seeend.|inks 26.508atgsuchfhat fheyli ok rotati onal
joints 36 are positioned away fromthe riser 54. 5 In another exanpl e,
whi ch 18 neteplidusindatedin mhchénkr gzl ndde ferdesdiimesd 25°ehd the second

| inks 26 can also rotate such that the link rotational joints 36 are
positioned toward, instead of away, fromthe riser 54. 10 In the body
front-end EREtTHGost épchgles e PPEBECEid 02216f Stdie oFai M by s1Z0Ls | ower ed
to the groupde®%y BObLoliRi Seddlthiing; st G8ept e, fineStohi Nkssr23nand the
second links 26 also rotate further and the tracks 19 such that the 15
front-end 22124 HéSRaPn bodypli2vaesernd PPeYt et raAd 57 L FUStRBr nore, the
first hsnkgg25 | ater have an angle of zero degrees with the second |inks
26, as illustrated in Fig. 24.

In the body positioning step 65, the rear-end 23 of the main

body 12 is positioned such that it stick out of the staircase

step 52 and it overhangs the ground 57. The front-end 22 of
20 the main body 12 is in contact with the tread 56.

This positioning is achieved by sensing the distance between
the robot 10 and an end part of the riser 54 or by sensing
the distance between the robot 10 and an end part of the

25 tread 56. In this case, this distance is about 100 to 200
millimetres. The inertia sensor also verifies that the robot
10 is straight in that it is essentially perpendicular to an

edge of the staircase step 52.

30 For this positioning step 65, the tracks 19 turns such that
the rear-end 23 of the main body 12 overhangs over the ground

57, as illustrated in Fig. 19



After this, the robot 10 returns to its initial node. The 20 first links 25
rotate such that its ends 34 nove towards the main body 12, as illustrated
in Fig. 28020heé14i9epst |inks 25 later forns an angl e of PEeToBUa@NRRsl With
the main body 12 whilst the second links 26 forman angle of zero degrees
with the first links 25, as illustrated in Fig. 26. 25 The robotic 10 has
now descended fromthe staircase step 52. In a generic sense, the above
met hod steps for ascending or descending fromthe staircase step 52 can be
used for ascend-30_ing or descending fromother objects. 2NYP 011 PCT 24
The robot $8YFs?odit'i oned on a ground 57 and is in an initial node, as
descri bed above and as illustrated i4f Fig. 29. In this node, the arns 20

are folded. 5 The di stance-neasuyring sens 41 of the in body 12

et er i nes ERE hAIGH: *o1° THE SodrtLast & 85 59 GG Thet harght

i nformati onjiltée dnbeards cantirsoll ohetkd evd5 st hele clathroksd tde otfr asks 19 to
approach the. staiyrcase step 52. The tracks, 19 10 later _clinb the riser 54
until the Wﬁ%%:%%%&%%Zr?%angéﬁ'Fﬂ%??ﬂév%'haﬁ%ﬁﬁxfﬁddégrees, as illustrated
in Fig. 30. The inertial sensor detects the incline angle. The arns 20

| ater upfold., The fi.rst |inks rotate a from. 15 the riser 54 whil st
e second T T ke o6 4T b8Y Ot & av frat ETH 2o ek Cag T B¢ Fared 1 n
Fig. 31. Thesrotatndorndf Iherfel Asttéd nks w2bland-licheesegdntinkisnké 26 al so

change a pg@sition aof t t vVity, o fir | nks and the
second Iin&ghé%gﬂb%nTﬁggggfgfZ%%ﬁkgg?%&%nga¥ﬂé&§%g§ﬁékI?%ﬁ%i%é’r%?ate away
fromthe riisénstBhtgat ith ¥fhe pdsition and the weight of the first links 25
and the second links 26 causes the main body 12 to shift or to tilt further
upwards, as illustrated in Fig. 32, 25 until ends of the second |inks 26
cont actOwi thAtehe tdreodadsB7iimPust 28i fowrientelsy it heotshiilPri myl oft tthe position

of the firstcbinks,254ang: the second 144ks 226, Jiws. Lheswei ght. of the
first links 25 and the second Iinks to nove a centre of gravity of the

first |ink3225 katty tthe 3ecodsitraksd 26 féJgeherate 30 a turning monent for
the main body 12. This turning nonent causes the nmain body 12 to rotate or
tilt about an axis of the main body that passed through a surface area of
the mai n bédy AZ-AHAE eBptEtS ®ith tHHe égéuﬁﬁC?ﬂ@ erHe £9 125 fdest ops

15 second links 26 reach a joint between the riser 54 and the
ground 57 or such that the angle between the first links 25
and the second links 26 approaches or is about 225 degrees.

This is illustrated in Fig. 22.

20 Fig. 22 shows the second ends 40 touching the ground 57 and
being positioned nearest possible the main body 12, although
other positions are also possible. For example, the second
ends 40 can be touching the ground 57 and being positioned

furthest possible from the main body 12.

25
In one embodiment of Fig. 22, the second links 26 have wheels
to facilitate movement of the main body 12 away from the ris-
er 54. They each can have two or more such wheels whilst the
first links 25 each can have one or more wheels 38.

30

The tracks 19 then turns such that the rear-end 23 of the
main body 12 moves away from the riser 54. The second links

26 then rotate in a manner that causes the rear—-end 23 of the



2NYP 011 PCT 25 when this the second |links 26 touches the ground 57. Put
differently, the ground 57 stops the second links 26 fromnoving. 5 This
changi ng W 20he14pwsi ti on of the first links 25 and the ®€TaR210/HIREl 26 has
an advantage of allowing a sinple way of tilting the main body 12 upright
or upward. After this, the tilted main body 12 noves toward the riser 10
54, as illustrated in Fig. 33. The first links 25 and the second |inks 26
then rotate to lift the rear end 23, as illustrated in Fig. 34 and then
lift the rear_end 23 higher, as illustrated in Fig. 35. Ends of the second
links 26 c6Nfact't héTground 57 at an area or a point that is far or
furthest 15 fromthe riser 54. Duriﬁ@ the lifting of the rear end 23, the
tracks 19 may turn tqo bri the front-end 22 further oyer the tread 56 and
away from fﬂﬁén r}?os%’r 1%4@1%%%“9& 2F | Tk 525450 the“@ec%ﬁd 15K<36 20
afterward ttnhs t2p faobdthdessarams 20nkasd llbust ¢ adeth ithaFi ghe 36.nkA di fferent
enbodi nent o% t he prot 10:ﬁ; Fig. 1.is p%_ssiblgE Fig 37. sho one

possi bl e efBodi Bt of ‘the ToBot 10°  FiY 28737 d&li ¢P'§ & ¥6bot ~70, whi ch
i ncl udes above described parts of the robot 10 of Fig. 2. The second |inks

26 of the robot .70 has the second ends .40, -which have rting, wheels 39.
hor chds 1 i19onta 822400 SSER0, PR A0 HOLEIL IR BHPRO, el S0
as il lustratedtihninkisg2537nd Tihe sappot tlimgswheetsn 38 so0lt0tator swohh 39 and

110 all ow | n y . VE h S . r th 39 and
110 are Supper 1K ‘TR WerSHEBF (he nE Baay  ZNVP b1 BEr 26 aur ng
certain stepsadfofaswendi fgerarthebstaet 4.such as a staircase step, or of
descending fromthe obstacle. In one inplenentation, each second |ink 26

has three or nore
10 In the body front-end tilting step 68, the front-end 22 of

the main body 12 is lowered to the ground 57.

For this tilting step 68, the first links 25 and the second

links 26 also rotate further and the tracks 19 such that the
15 front-end 22 of the main body 12 descend to the ground 57.

Furthermore, the first links 25 later have an angle of zero

degrees with the second links 26, as illustrated in Fig. 24.

After this, the robot 10 returns to its initial mode. The

20 first links 25 rotate such that its ends 34 move towards the
main body 12, as illustrated in Fig. 25. The first links 25
later forms an angle of zero degrees with the main body 12
whilst the second links 26 form an angle of zero degrees with
the first links 25, as illustrated in Fig. 26.

25

The robotic 10 has now descended from the staircase step 52.

In a generic sense, the above method steps for ascending or
descending from the staircase step 52 can be used for ascend-

30 ing or descending from other objects.

A further method of ascending from the staircase step 52 us-

ing the robot 10 is described below.



5 supporting wheels 39 to facilitate novenent on the ground. |In another

i npl enentation, the second link 26 has two or nore freewheeling wheels 39
whi | st t wof2nristd496Pnk 25 has one or nore supporti ng whe®CT3B201Tb&224r m 20
has three or nore supporting wheels. The freewheeling wheels 39 are |ight
and do 10 not add nuch weight to the arm20. The first link 25 is connected
to a notor 100 for rotating the first link 25 about the |ink rotational
joint 78. A notor arrow 102 indicates one possible direction of rotation of
the 15 notor_ 100. The notor 100 can rotate the first link 25 in a cl ockw se
direction a8°%ef1! &5Tin an anti-clockw se direction. Similarly, the second
link 26 is connected to notors 104 &id 105 for rotating the second link 26
about the link rotational joint 36. Mdtor arrows 107 and 109 indicate
possi- 20 ble directions of rotation of the notors 104 and 105
respectivelrye ddthobots Ak tanded 0on carroahat &7 tdrel secomdad iimk-26 in a

cl ockw se ercti n as gell.%§djn an anti-clogﬁmﬁsetdirec%}on.2 5 The
tracks 19 ard’dSiitectEd t o and are® i ivsh By Whed'§ 72, A ‘Showr i n Fig.

37. In a spectials casle, the qobob078rddesdadt have the tracks 19 and have
just the wheels 72. Mreover, the controller and canera box 14 has a tilt
sensor 74, as shown in Fig. 37. The main body 12 has an inertia sensor 103.
In 30 cert @ha dhpleewennadswonsyg shesémellt iod seasorinl®8dynt? ubkesrthe tilt

Se”spr.74-mi§®%3199%e§§gt%%f HLhough the %@8¥65??§&E%8thﬁglﬁﬂ_%@ins much
specificity, this shou not be construed as |imting the scope of the
enbodi nent snbetmaracal ythe ovildiamg rohustlr abidohe ofS tthenf opeisedabitae

enbodi ment g, The above,stated, aduant ages of the onbadi- .5, nents should not

be construed especially as [imting the scope of the enbodi nents but nerely
t o explai nlpbssidli@baght eveirentd htihehgeset i berdlverBod nEhtas are put into

practise. Thug, dher3Gepes ofedhe-embodinent s,shoul drbg dej ermpned by the
claims and their equival ents, rather than by the exam 10 ples given. 2NYP

011 PCT 28cRefef ef@eo10fdbutts the incline angle.

The arms 20 later unfold. The first links 25 rotate away from
15 the riser 54 whilst the second links 26 also rotate away from
the riser 54, as illustrated in Fig. 31. The rotation of the
first links 25 and the second links 26 also change a position
of a centre of the gravity of the first links 25 and the se-
cond links 26.
20
The first links 25 and the second links 26 rotate away from
the riser 54 until the position and the weight of the first
links 25 and the second links 26 causes the main body 12 to
shift or to tilt further upwards, as illustrated in Fig. 32,
25 until ends of the second links 26 contact with the ground 57.
Put differently, the shifting of the position of the first
links 25 and the second links 26 allows the weight of the
first links 25 and the second links to move a centre of grav-
ity of the first links 25 and the second links 26 to generate
30 a turning moment for the main body 12. This turning moment
causes the main body 12 to rotate or tilt about an axis of
the main body that passed through a surface area of the main

body 12 that contacts with the ground 57. The tilting stops



12mai n body 514control |l er and canera box 16novi ng nmeans 17novi ng neans
19track 20arm 1022front-end 23rear-end 25first |ink 26second |ink 28first
end 1530bw0yoriotdadeponal joint 32first end 34second end BETiIRX10/032241 onal
j oi nt 38supporting wheel 2039supporting wheel 40second end

2NYP 011 PCT

25
when this the second links 26 touches the ground 57. Put dif-
ferently, the ground 57 stops the second links 26 from mov-

ing.

5 This changing of the position of the first links 25 and the
second links 26 has an advantage of allowing a simple way of

tilting the main body 12 upright or upward.

After this, the tilted main body 12 moves toward the riser

10 54, as illustrated in Fig. 33. The first links 25 and the se-
cond links 26 then rotate to 1lift the rear end 23, as illus-
trated in Fig. 34 and then 1ift the rear end 23 higher, as
illustrated in Fig. 35. Ends of the second links 26 contact
the ground 57 at an area or a point that is far or furthest

15 from the riser 54.

During the lifting of the rear end 23, the tracks 19 may turn
to bring the front-end 22 further over the tread 56 and away
from the riser 54. The first links 25 and the second links 26

20 afterward turn to fold the arms 20, as illustrated in Fig.
36.

A different embodiment of the robot 10 of Fig. 1 is possible.
Fig. 37 shows one possible embodiment of the robot 10. Fig.
25 37 depicts a robot 70, which includes above described parts

of the robot 10 of Fig. 2.

The second links 26 of the robot 70 has the second ends 40,
which have supporting wheels 39. Other ends 112 of the second
30 links 26 also have supporting wheels 110, as illustrated in
Fig. 37. The supporting wheels 39, 110, or both 39 and 110
allow the main body 12 to move when the wheels 39, 110, or
both 39 and 110 are supporting the weight of the main body



41front sensor 42cl aw 45onboard control nodul e 2546comuni cati on devi ce
47drive control nodule 49renote control nodul e 50field of view 52step
3054ri serwb@nrigiagsd7gr ound 60step 2NYP 011 PCT 62step @8IUBP1GBRNEp 67st ep

2NYP 011 PCT
26
during certain steps of ascending an obstacle, such as a

staircase step, or of descending from the obstacle.

In one implementation, each second link 26 has three or more
5 supporting wheels 39 to facilitate movement on the ground. In

another implementation, the second link 26 has two or more

freewheeling wheels 39 whilst the first link 25 has one or

more supporting wheel 38. The arm 20 has three or more sup-

porting wheels. The freewheeling wheels 39 are light and do
10 not add much weight to the arm 20.

The first 1link 25 is connected to a motor 100 for rotating
the first 1link 25 about the link rotational joint 78. A motor
arrow 102 indicates one possible direction of rotation of the
15 motor 100. The motor 100 can rotate the first link 25 in a
clockwise direction as well as in an anti-clockwise direc-
tion. Similarly, the second link 26 is connected to motors
104 and 105 for rotating the second link 26 about the link
rotational joint 36. Motor arrows 107 and 109 indicate possi-
20 Dble directions of rotation of the motors 104 and 105 respec-—
tively. The motors 104 and 105 can rotate the second link 26
in a clockwise direction as well as in an anti-clockwise di-

rection.

25 The tracks 19 are connected to and are driven by wheels 72,
as shown in Fig. 37. In a special case, the robot 70 does not
have the tracks 19 and have just the wheels 72. Moreover, the
controller and camera box 14 has a tilt sensor 74, as shown
in Fig. 37. The main body 12 has an inertia sensor 103. In

30 certain implementations, the inertia sensor 103 includes the

tilt sensor 74.



568step 70robot 72wheels 74tilt sensor 103 inertial sensor 10100
motor 100 102 notor 104 notor 105 notor 107 notor arrow 15109 not or
arrow 110wotzed)1449%62 end 2NYP 011 PCT 30 CLAINMS 1. A rob@CraBzxs/oeare (12,
16, 17, 20) conprising

2NYP 011 PCT

27
Although the above description contains much specificity,
this should not be construed as limiting the scope of the em-
bodiments but merely providing illustration of the foreseea-
ble embodiments. The above stated advantages of the embodi-

5 ments should not be construed especially as limiting the
scope of the embodiments but merely to explain possible
achievements if the described embodiments are put into prac-
tise. Thus, the scope of the embodiments should be determined
by the claims and their equivalents, rather than by the exam-

10 ples given.



a main body (12) with a left main noving neans (16) 5being provided at a

| eft side of the main body (12) and with a right main noving neans (17)

bei ng provDaed/®as9ea ri ght side of the main body (12), tRETIBI10/652041 i ght
mai n nmovi ng neans (16, 17) being adapted to contact a ground surface area
(57) on which the robotic structure 10(12, 16, 17, 20) is intended to nove,
and with at |least one armunit (20) that conprises the follow ng el enents:
an upper branch nenber (25) being attached to the main body (12) via an
upper joint 30(% and be- ing rotatable about the upper joint (30) via an
up- 15per abtuator F¢fo4, 105), a | ower branch nenber (26), a proximal
end of the | ower branch nenber (26) Yei ng attached to the upper branch
menber (25}R ¥i a a lower joint (36) and being rotatable about the | ower
joint (36)°Via @20l ower actuator (100 ), wherein the upper branch nember
(25) further conprises an auxiliary noving neans (38), the auxiliary noving
means (38) bei n%adz%ﬁégd to contact the ground surface area (57), 25wherein
the mai n body ( and°the arm unit (20) are provided such that in a
clinbing positioh ofmathebsdbotic structure (12, 16, 17, 20), the main body
(12) is.supportaple by.a djstal ti 40)_ of the | ower branch nenber (26)
and by ?it Ieastf%(;neC(())%{tf%gi re1‘atndm(§u rﬁérrﬁ)%oﬁig nmeans 30(16) and the right main
novi ng neans (179 . m2NYRy0debneCT 31

17 moving means
19 track
20 arm
10 22 front-end
23 rear—-end

25 first link
26 second link
28 first end
15 30 body rotational joint
32 first end
34 second end
36 link rotational joint

38 supporting wheel

20 39 supporting wheel
40 second end
41 front sensor
42 claw
45 onboard control module
25 46 communication device
47 drive control module
49 remote control module

50 field of view

52 step
30 54 riser
56 tread

57 ground
60 step



a position and a wei ght of the upper branch nenber (25) and the | ower
branch nenber (26) are provided such that an orientation of the nmain body
(12) is awoesubil4edeby shifting the position of the upper PoTaARNO/NER2Her (25)
5and the | ower branch nenber (26). 3. A robotic structure (12, 16, 17, 20)
of claiml1l or 2, wherein two armunits (20) are provided, a left armunit
(20) 10being provided at the left side and a right armunit (20) being
provi ded at the right side of the main body (12). 4. A robotic structure
(12, 16, 17, 20) of one of clains 1 15to0 3, wherein the main noving nmeans
(16, 17) coMpFi F&Tset of wheels (72). 5. A robotic structure (12, 16,
17, 20) of one of clainms 1 20to 3, vinerei n the main novi ng neans (16, 17)
conprises a tra (19). 6. Arobotic structure (12, 16, 17, 20) of one of
claims 1 to 5, Nher & nP25the auxiliary noving means conprises at |east one
free- wheeling atheelsté38). 7. A robotic structure (12, 16, 17, 20) of one
of clains 1 to ég mg%gein 30t he auxiliary noving neans (38) conprises a
track (19). P

67 step
5 68 step
70 robot

72 wheels
74 tilt sensor

103 inertial sensor

10 100 motor 100
102 motor
104 motor
105 motor

107 motor arrow
15 109 motor arrow

110 wheel

112 end



2NYP 011 PCT 32 a tip area of the |lower branch nenber (26) conprises a

frictional surface. 9. Arobotic structure (12, 16, 17, 20) of one of
claims 1 8008/ her conprising a sensor (41) for det @CwiIBMyoR24li St ance
bet ween the main body (12) and an object (52). 10. A robotic

structure (12, 16, 17, 20) of one of clains 1 10to 9 further conprising an
inertial sensor (74) for sensing a spatial orientation of the main body
(12). 11. A robotic structure (12, 16, 17, 20) of one of clains 1
15to0 10 further conprising a canera (14) for providing i rages of an object
(52) in thé™fcihi T of the main body (12). 12. A nethod for a robotic
structure (12, 16, 17, 20) to as- 20cend an object (52), the robotic
structurené12I 6, 17, 20) conprising a nmain noving neans (16, 17) for
novi ng a PR dy (12) of the robotic structure (12, 16, 17, 20) over a
ground surface area (57) and 25an armunit (20) conprising an upper branch

1. A robotic structure (12, 16, 17, 20) comprising
a main body (12) with a left main moving means (16)
5 being provided at a left side of the main body (12) and
with a right main moving means (17) being provided at a
right side of the main body (12), the left and right
main moving means (16, 17) being adapted to contact a
ground surface area (57) on which the robotic structure

10 (12, 16, 17, 20) is intended to move, and with at least
one arm unit (20) that comprises the following elements:

— an upper branch member (25) being attached to
the main body (12) via an upper joint (30) and be-
ing rotatable about the upper joint (30) via an up-
15 per actuator (104, 105),
— a lower branch member (26), a proximal end of
the lower branch member (26) being attached to the
upper branch member (25) via a lower joint (36) and
being rotatable about the lower joint (36) via a

20 lower actuator (100 ),
wherein the upper branch member (25) further com-
prises an auxiliary moving means (38), the auxilia-
ry moving means (38) being adapted to contact the
ground surface area (57),

25 wherein the main body (12) and the arm unit (20) are
provided such that in a climbing position of the robotic
structure (12, 16, 17, 20), the main body (12) is sup-
portable by a distal tip (40) of the lower branch member
(26) and by at least one of the left main moving means

30 (16) and the right main moving means (17).

2. A robotic structure (12, 16, 17, 20) of claim 1, wherein



menber (25) and a | ower branch nenber (26), the upper branch nmenber (25)
being pivotally attached to a main body (12) via an upper joint (30) and

t he | owerwbranci49enber (26) 30bei ng pivotal |y attachedPCo/1B2oao/02per branch
menber (25) via an lower joint (36), the nmethod conprising 2NYP 011 PCT 33
tilting the main body (12) by actuating the armunit (20) such that a front
section (22) of the main body (12) is higher than a rear section (23) of
the main body (12), 5positioning the main body (12) adjacent to the ob-
ject (52) by using_the main noving nmeans (16, 17), el evating the rear
section (2§¥Y%yo%kfﬁﬁting the armunjt (20) such that the |ower branch
menber (26) contacts the ground surfice area (57) to support the 10rear
section (23), wherei.n.the a tuat[og aL;o lifts the reﬁr ) ctiog §23), and
movi ng the mai it BSEY S 12) *6htto "EHE b e ¢t S( BBY S by T i& R T HE mairR movi ng
means (16, 17).arnkb th3. 1édweretdiedcof mehladim (22) ahereioritbe fudi ithgtof the
mai n body (12) conpr.ises determning a tilt | e of .the in _body (12).

14. A net hod delgBFgﬁg?F%néfFuégﬁréxfi%Pd¥6??%ﬁfjﬁﬁfg?ﬁaggik?bcend an

obj ect (52), thehirfaboti chstpasdttupe ¢ helGppd7,branch member (25)

5 and the lower branch member (26).
3. A robotic structure (12, 16, 17, 20) of claim 1 or 2,
wherein

two arm units (20) are provided, a left arm unit (20)

10 being provided at the left side and a right arm unit
(20) being provided at the right side of the main body
(12) .

4. A robotic structure (12, 16, 17, 20) of one of claims 1
15 to 3, wherein
the main moving means (16, 17) comprises a set of wheels

(72) .

5. A robotic structure (12, 16, 17, 20) of one of claims 1
20 to 3, wherein

the main moving means (16, 17) comprises a track (19).

6. A robotic structure (12, 16, 17, 20) of one of claims 1
to 5, wherein
25 the auxiliary moving means comprises at least one free-

wheeling wheel (38).

7. A robotic structure (12, 16, 17, 20) of one of claims 1
to 5, wherein

30 the auxiliary moving means (38) comprises a track (19).

8. A robotic structure (12, 16, 17, 20) of one of claims 1

to 7, wherein



20) conprising a main noving neans (16, 17) for noving a nmain body (12) of
the robotic structure (12, 16, 17, 20) over a ground surface area (57) and
25 an ar ooty conpri sing an upper branch nmenber (P2EY/IBZdO/BS2REGMWET
branch nenber (26), the upper branch nmenber (25) being pivotally attached
to the main body (12) via an upper joint (30) and the | ower branch nmenber
(26) 30being pivotally attached to the upper branch nenber (25) via a | ower
joint (36), the nethod conprising 2NYP 011 PCT 34 the nain body (12)
clinbing a gart of the obj ect (52), el evating a rear section (23) of

the main b6

%@) actuating the armunit (20) such that the lower 5

branch nenber (26) contacts the grodﬁﬁ surface area (57) to support the

rear section (23), mhereln ctuat.i E%I?Iso i ft

and o i R e e 25k On R B0t

1

he rear section (23),

535"y Si Ag the main

novi ng neans (16;ick?pnallOsdixacA.met hod of claim 14, wherein the clinbing of

the part of the object (52) conprises

9. A robotic structure (12, 16, 17, 20) of one of claims 1

5 to 8 further comprising

a sensor (41) for determining a distance between the

main body (12) and an object (52).

10. A robotic structure (12, 16, 17, 20) of one of claims 1

10 to 9 further comprising

an inertial sensor (74) for sensing a spatial orienta-

tion of the main body (12).

11. A robotic structure (12, 16, 17, 20) of one of claims 1

15 to 10 further comprising

a camera (14) for providing images of an object (52) in

the vicinity of the main body (12).

12. A method for a robotic structure (12, 1lo,

20 cend an object (52), the robotic structure

20) comprising

17, 20) to as-
(12, 16, 17,

- a main moving means (16, 17) for moving a main

body (12) of the robotic structure (12, 16,

17, 20) over a ground surface area (57) and

25 - an arm unit (20) comprising an upper branch

member (25) and a lower branch member (26),

the upper branch member (25) being pivotally

attached to a main body (12) via an upper

joint (30) and the lower branch member (26)

30 being pivotally attached to the upper branch
(36),

member (25) via an lower joint

the method comprising



determning a tilt angle of the main body (12). 15 16. A nethod of one of
clains 12 to 15, wherein the using of the main noving neans (16, 17)

conpri seswoebaruwdng a di stance between the nain body @CZiB2meloi2pé obj ect
(52). 20 17. A nethod of one of clains 12 to 16 further conprising shifting
a position and a wei ght of the upper branch nenber (25) and of the | ower
branch nenber (26) to tilt the main body (12). 25 18. A nethod of one of
claims 12 to 17, wherein the actuating of the armunit (20) conprises
determining a tilt angl e of the main body (12). 19. A nmethod of one of
clains 12 %H B whérei n 30t he actuatlng of the armunit (20) conprises
rotating the upper branch nenber (25 about the upper joint (30). 20. A

nmet hod of one of cl ai 12 to 011 PCT 35 the actuating of
the armunit (20) c5ﬁg?f%%§: Fﬁ%PW%<¥he F& ?%ﬁ%ﬁn hber*t{26) about t he
| ower j oi nt (36)n1t2](20A mm(mhaftoa ﬂrcrrﬁb@tebelsrhrm ube (A2 maliG, 17, 20) to

de- 5scend fro 52 Ee robotic structur 12 6, 17, 20)
conpr|5|ng a HB l?ﬁ;l e(1 haﬂfargﬁa section §3§ of é% maih
body (12
5 positioning the main body (12) adjacent to the ob-

ject (52) by using the main moving means (16, 17),
elevating the rear section (23) by actuating the
arm unit (20) such that the lower branch member (26)
contacts the ground surface area (57) to support the
10 rear section (23), wherein the actuation also 1lifts the
rear section (23), and
moving the main body (12) onto the object (52) by

using the main moving means (16, 17).

15 13. A method of claim 12, wherein
the tilting of the main body (12) comprises determining

a tilt angle of the main body (12).

14. A method for a robotic structure (12, 16, 17, 20) to as-
20 cend an object (52), the robotic structure (12, 16, 17,
20) comprising
- a main moving means (16, 17) for moving a main
body (12) of the robotic structure (12, 16,
17, 20) over a ground surface area (57) and
25 - an arm unit (20) comprising an upper branch
member (25) and a lower branch member (26),
the upper branch member (25) being pivotally
attached to the main body (12) wvia an upper
joint (30) and the lower branch member (26)
30 being pivotally attached to the upper branch
member (25) via a lower joint (36),

the method comprising



an armunit (unit) conprising an upper branch nenber (25) and a | ower
branch nenber (26), 10t he upper branch nenber (25) being pivotally attached
to a mai rwbady/eigy of the robotic structure (12, 16, 1PCTABY01whR28IN upper
joint (30) and the | ower branch nenber (26) being pivotally attached to the
upper branch nmenber 15(25) via a lower joint (36), the method conpri sing
positioning the main body (12) such that a rear section (23) of the main
body (12) protrudes froma side of the object (52) by using the nmain noving
nmeans (16, 2011%@h supporting the rear section (23) by actuating the
armunit (28Y°sUchFfat the | ower branch nember (26) contact a |ower ground
surface area (57), %%ving the main body (12) away fromthe

object (52) 20y usLig the, TR, TYLG et (161, ATk e cuovering the
body (12) away fsmm the object (52) to lower a front section (22) of the
position ng of the RAFA-BOGY 123 cORGr Sed2abter i RG-h 6t AREL bot ween
the main body (42)acandtihe Ok ecth ¢5P).(20) such that the lower
5 branch member (26) contacts the ground surface area (57)
to support the rear section (23), wherein the actuation
also lifts the rear section (23), and
moving the main body (12) onto the object (52) by
using the main moving means (16, 17).
10
15. A method of claim 14, wherein

the climbing of the part of the object (52) comprises
determining a tilt angle of the main body (12).

15 16. A method of one of claims 12 to 15, wherein
the using of the main moving means (16, 17) comprises
determining a distance between the main body (12) and

the object (52).

20 17. A method of one of claims 12 to 16 further comprising
shifting a position and a weight of the upper branch
member (25) and of the lower branch member (26) to tilt
the main body (12).

25 18. A method of one of claims 12 to 17, wherein
the actuating of the arm unit (20) comprises determining

a tilt angle of the main body (12).
19. A method of one of claims 12 to 18, wherein
30 the actuating of the arm unit (20) comprises rotating

the upper branch member (25) about the upper joint (30).

20. A method of one of claims 12 to 19, wherein



5 23. A nethod of claim?21 or 22, wherein the lowering of the rear section

(23) conprises determning a tilt angle of

the main body (12). 24. A nethod

of one ofwolRaimme4®? to 23, wherein 10the actuating of tReTABIWNI2241( 20)

conprises determning a tilt angle of the main body (12).

25. A net hod of

one of clains 21 to 24, wherein the actuating of the armunit (20)

conprises rotating 15the upper
(30).
arm unit (20%

conprises rotating the | ower
| ower j oi nt™ ¢t

%6811 P
' 35

the actuating of the arm unit

the lower branch member (26)
21,

5 scend from an object the

le, 17, 20)

(52),
comprising

- a main moving means
- an arm unit

(25)

(unit)
member

10

attached to a main body

structure

(30)

(12, 16,

branch nenber
26. A nmethod of one of clains 21 to 25, wherein the actuating of the

(20)

about the lower joint

A method for a robotic structure

(16,

and a lower branch member

the upper branch member

17,

and the lower branch member

(25) about the upper joint

branch nenber (26) about the

comprises rotating

(36) .

(12, 16, 17, 20) to de-

robotic structure (12,

17) and

comprising an upper branch

(26),
(25)
(12)

20)

being pivotally
of the robotic
via an upper joint

(26) being

pivotally attached to the upper branch member

15 (25)
the method comprising
positioning the main body
(23)
of the object

17),

section of the main body
(52)

20

supporting the rear section

arm unit (20)

contact a lower ground surface

moving the main body (12)

25 by using the main moving means

lowering the rear section

unit (20), and

moving the main body (12)
to lower a front section (22)
30

22,

A method of claim 21, wherein

via a lower joint

(12)

by using the main moving means

such that the lower branch member

of the main body

(36),
(12) such that a rear
protrudes from a side
(16,
(23) by actuating the
(26)
area (57),

away from the object (52)
(16,

(23)

17y,
by actuating the arm
away from the object (52)

(12) .
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23.

24,

25.

20.

36

the positioning of the main body (12) comprises deter-—
mining a distance between the main body (12) and the ob-

Jject (52).

A method of claim 21 or 22, wherein
the lowering of the rear section (23) comprises deter-—

mining a tilt angle of the main body (12).

A method of one of claims 21 to 23, wherein
the actuating of the arm unit (20) comprises determining

a tilt angle of the main body (12).

A method of one of claims 21 to 24, wherein
the actuating of the arm unit (20) comprises rotating

the upper branch member (25) about the upper joint (30).

A method of one of claims 21 to 25, wherein
the actuating of the arm unit (20) comprises rotating

the lower branch member (26) about the lower joint (36).



